Abstract Metabolic parameters like uric acid, lipids and homocysteine are influenced by immunopathological mechanisms underlying the autoimmune disease processes. The current study examined the differences in these parameters and the correlation between inflammatory and metabolic variables in rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) patients. The cross-sectional prospective study included 24 treatment-naïve patients with moderate to severe diseases-15 subjects had RA and 9 had SLE. Atherogenic index of plasma (AIP) was used to assess the cardiovascular risk of the patients. Spearman's correlation was performed to verify the relationship between inflammatory and metabolic parameters. A two-tailed P \ 0.05 was considered statistically significant for all the analysis. SLE patients had higher uric acid levels, very low density lipoprotein-cholesterol, total cholesterol/high density lipoprotein-cholesterol ratio (TC/ HDL-C) and logarithmic ratio of triglycerides to HDL-cholesterol (log[TG/HDL-C]) than RA. Whereas, reduced total lymphocyte count, lipoprotein(a), and low density lipoprotein cholesterol were noted in the former than latter group. Majority of the SLE patients had increased risk of cardiovascular diseases ([ 0.24 AIP score) and RA patients in comparison had lower risk. Correlation among serum uric acid, lipid profile constituents and AIP was noted. The immunological process of SLE has greater impact on the metabolic parameters. Higher uric acid levels are suggestive of dysfunctional lipid profile. Understanding the implications of risk factors and its inflammatory role in autoimmune processes may assist in disease management.
Introduction
The impact of inflammatory diseases on various metabolic processes including lipid metabolism, glucose metabolism, protein and purine pathways, and endocrinal pathways has been well established [1, 2] . The autoimmune rheumatic disease, predominantly being an inflammatory disorder, has significant influence on different metabolic pathways. The differential influence of cytokines and other immune activation pathways on lipid metabolism, uric acid cycle and metabolic pathways is evident in published literature, and their effects also depend on the triggering and perpetuating factors of inflammation [1, 3] . The autoimmune rheumatic diseases, like rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), have different immunopathogenetic mechanisms. Proliferative process, predominantly driven by TNF, is the basic pathology of RA. Whereas SLE causes tissue necrosis and apoptosis and it is predominantly driven by interferon [4, 5] . RA is predominantly cell-mediated drive, while SLE has significant component of immune complex and antibody-dependent mechanism [6] . The differential CV risks noted in patients with these diseases could be mainly attributed to difference in the & S. Chandrashekara chandrashekara_s@yahoo.com Sachin Vithalrao Dhote ksachind258@gmail.com K. R. Anupama anupama_kr789@yahoo.co.in 1 immunopathogenic mechanisms [7, 8] . The elevated CV risk is 5-10 times more in SLE and 2-3 times in RA than normal subjects [9, 10] . Dyslipidemia is an indicator of increased incidence of atherosclerosis and coronary heart disease. Studies correlate changes in cholesterol levels with RA disease activity [11] . A recently published literature on early RA suggests such changes to be biphasic i.e. an initial reduction in total cholesterol (TC), triglyceride (TG) and high density lipoprotein (HDL), and their subsequent increase at around 24th week of treatment and further stabilization [1] . There is literature evidence suggesting that the variation in lipid changes is proportional to inflammatory load. Based on these observations, the present study had considered patients with moderate to severe disease.
In addition to cholesterol, changes in uric acid level have been reported as a marker of increased cell turnover accompanied by necrosis [12] . Moreover, the uric acid level has been identified as a surrogate marker of CV risk and as an indicator of possible aggressive autoimmune diseases [13] . The serum uric acid level differs in various autoimmune diseases and it is usually lower in RA. Increase in uric acid levels in SLE is associated with severe clinical manifestations like pulmonary hypertension and renal involvement [14] .
Based on these findings, we propose that the effect of inflammation on lipid metabolism, uric acid level and homocysteine is influenced by the immunological process, apart from the extent of inflammation. In order to test this hypothesis, we studied the lipid profile, uric acid and homocysteine levels of treatment-naïve patients with two common autoimmune diseases namely RA and SLE, who had moderate to severe disease. The study attempted to evaluate the correlation of the inflammatory variables like CRP, ESR and neutrophil to lymphocyte ratio (NLR) on metabolic parameters.
Materials and Methods
The cross-sectional, prospective study was conducted at a tertiary care center based in India from June 2014 to January 2015. The study recruited subjects who fulfilled the American College of Rheumatology and the European League against Rheumatism (ACR/EULAR) 2010 criteria for the diagnosis of RA, and Systemic Lupus International Collaborating Clinic (SLICC) criteria for SLE [15, 16] . The selected subjects were treatment-naïve with moderate to severe disease and managed only by NSAIDs or other symptom-modifying treatment. The exclusion criteria considered were: use of steroid or DMARDs at the point of recruitment, having overlapping infection including chronic viral infections like hepatitis B, C and HIV infection, and the use of anti-cholesterol or drugs that can modify either uric acid or homocysteine. The study was approved by the institutional ethics committee and informed consent was obtained from all patients.
The patients were recruited consecutively on their first visit to the institute and the demographic data including age, gender, and duration of disease were recorded. The laboratory parameters considered were: total lymphocyte counts (TLC), neutrophils, lymphocytes, and hemoglobin measured by automated 5-part cell counter; erythrocyte sedimentation rate by Westergren method; c-reactive protein (CRP) by nephelometry; homocysteine by chemiluminescence; lipoprotein(a) by immunoturbidimetry; uric acid by photometric 2,4,6-tribromo-3-hydroxybenzoic acid (TBHBA) method; and lipid profile [TG, TC and lipoproteins: high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), and very low density lipoprotein-cholesterol (VLDL-C)]. TC was estimated by cholesterol oxidase-phenol-aminophenazone (CHOD-PAP) enzymatic method, TG by glycerol phosphate oxidase (GPO)-Trinder's method, and HDL by direct method. The LDL, VLDL, TC/HDL-C ratio and neutrophil to lymphocyte ratio (NLR) were calculated. Total joint count, swollen joint count and tender joint count of RA patients were assessed and DAS28-CRP was calculated by three variable method [17] .
Atherogenic index of plasma (AIP) was calculated as log(TG/HDL-C) in molar concentrations for all the study subjects to assess their CV risk. The AIP values were subsequently classified based on the method put forth by Dobiasova et al. [18] [19] [20] [21] . TG was divided by 89 and HDL-C by 39 to convert TG and HDL-C from mg/dl to mmol/l. Based on the AIP values, the CV risks of the subjects were classified as follows: -0.3 to 0.1: low, 0.1-0.24: medium and [ 0.24: high.
Statistical Analysis
The demographic, clinical and biochemical characteristics of the recruited subjects with RA and SLE were compared. Analysis of continuous variables with normal distribution was done by independent t test and for data without normal distribution by Mann-Whitney U test. Categorical data was analyzed by Chi square test or Fisher's exact test. Spearman's rank non-parametric test was used to assess the bivariate correlation for inflammatory and metabolic variables for all the study subjects [22] . P value \ 0.05 was considered significant for all the statistical tests. Statistical Package for the Social Sciences (SPSS 22) was used for statistical analysis. 
Results
Twenty-four subjects were recruited for the study; 15 patients had RA and 9 had SLE. All the RA subjects had active disease with DAS28-CRP values [ 3.5. The demographic characteristics are listed in Table 1 . The RA patients (51 ± 13.59) were significantly older than SLE patients (31 ± 11.4). Difference in gender distribution was noted with more females than males in RA (M:F 4:11), and only females in SLE (M:F 0:9) group. RA subjects had longer duration of illness compared to SLE patients; however, the groups did not differ significantly. Evaluation of the clinical and biochemical parameters (Table 1) revealed that TLC was significantly higher in RA patients when compared to SLE group. However, the values were within the normal range. Hemoglobin (%) was slightly lower in SLE than RA patients. The lipoprotein(a) was also significantly lower in SLE patients (1.84 mg/dl) than in RA (30 mg/dl). In contrast, uric acid levels were significantly higher in SLE (5.8 mg/dl) group than in RA (4.8 mg/dl). There was no significant difference between the groups with regard to the values of ESR, CRP, NLR, and homocysteine. Interestingly, both the groups had elevated ESR levels. SLE patients had lower CRP levels than RA, and both groups had NLR around 3.
Lipid profile assessment showed that patient groups differed significantly for TC, LDL, VLDL, TC/HDL-C and log (TG/HDL-C). The average values of TC were below normal in both the groups; SLE subjects (114.16 ± 63.23) had significantly lower TC levels than RA (164.25 ± 53.36). Similarly, LDL-C was significantly lesser in SLE patients (49 mg/dl) than in RA (101 mg/dl). However, VLDL-C was higher in SLE patients (38 mg/dl) than in RA (20 mg/dl). The SLE patients also had higher TC/HDL-C values than RA; the average value in SLE was 6.3, which was above normal range.
AIP is a marker of CV risk in patients. The mean value of log (TG/HDL-C) for the SLE group was [ 0.24, indicating increased CV risk among these subjects than 0.14 in RA, indicating intermediate risk. The differences among the groups were statistically significant. The categorized AIP index values showed that one patient had intermediate risk and all the remaining patients in SLE group had increased risk ( Table 2 ). The majority of the RA patients (n = 08) had low risk, 2 patients had intermediate and 5 had high risk.
The correlation among the inflammatory and metabolic parameters was evaluated, regardless of the disease groups (Table 3) . Spearman's correlation demonstrated that, among the inflammatory markers, ESR showed non- ESR erythrocyte sedimentation rate, CRP C-reactive protein, TLC total lymphocyte count, NLR neutrophil-to-lymphocyte ratio, Hb hemoglobin percentage, TC total cholesterol, LDL-C low density lipoprotein-cholesterol, VLDL-C very low density lipoprotein-cholesterol, TC/HDL total cholesterol-to-high density lipoprotein, log(TG/HDL) log (triglyceride-to-high density lipoprotein) ** P value of independent t test for normal variables, Mann-Whitney U test for non-normal data and Fisher's exact for categorical data 
Discussion
Lipid profiles of both the disease groups showed significant differences from normal population and had higher atherogenic risk. The average value of TC was lesser than the normal population. SLE had higher atherogenicity index than RA. The elevated log (TG/HDL-C) was significant, despite no significant difference in the inflammatory parameters. The changes in TC, TC/HDL-C, log (TG/ HDL-C) were not correlated with inflammatory parameters. Moreover, the uric acid levels were higher in SLE and were significantly different from RA. The uric acid correlated directly with VLDL-C, TC/HDL-C, and log(TG/ HDL-C). This observation substantiates the differential impact of autoimmune diseases on uric acid and TC, LDL-C, TC/HDL-C, and log(TG/HDL-C). Literature studies comparing the lipid profiles of SLE and RA are inconsistent with regard to the changes in lipid components. Chung et al. have reported lower levels of TC, LDL-C, TG and higher lipoprotein(a) in SLE. The present study has noted low TC, LDL-C, and lipoprotein(a), and very high VLDL-C in SLE patients. Whereas, in the study by Chung et al. [7] all the parameters were lower than normal values and the primary objective was to verify differential association of insulin resistance with mediators of inflammation in subjects treated for SLE and RA. The lipid profile changes noted in the present study is comparable to that of Santose et al. [23] . The present study has also reported higher atherogenic index for SLE than RA. This was further corroborated by the observation that majority of SLE had high CV risk whereas more number of RA patients had low CV risk.
Several other studies on SLE have reported variable lipid profile presentations. 'Lupus pattern' of lipoproteins, i.e. elevated TG and VLDL-C concentrations along with decreased HDL-C levels, has been found during the active ESR erythrocyte sedimentation rate, CRP C-reactive protein, NLR neutrophil-to-lymphocyte ratio, LIPa lipoprotein(a), UA uric acid, TC total cholesterol, LDL-C low density lipoprotein-cholesterol, VLDL-C very low density lipoprotein-cholesterol, TC/HDL total cholesterol-to-high density lipoprotein, log(TG/HDL) log (triglyceride-to-high density lipoprotein) ** Correlation is significant at the 0.01 level (2-tailed) * Correlation is significant at the 0.05 level (2-tailed)
Ind J Clin Biochem (Jan-Mar 2019) 34(1):52-59 55 phase of SLE, while increased LDL-C and TC concentrations during the period of lower disease activity [24] [25] [26] . A significant attenuation in lipid protein levels including TC was noted in the present RA subjects. Majority of the studies have reported similar findings and the CV risk ratio tilts towards atherogenesis in such patients. The dyslipidemia frequency noted by Garrido et al. [25] in a RA cohort was 54.9% and it was most frequent between 51 and 60 years of age. The current study, with all the recruited subjects having dyslipidemia, reveals the true status of lipid metabolism, since all of them had moderate to severe disease status, and were not on any lipid-altering medications.
In the current study, RA patients had elevated LDL-C levels when compared to SLE. LDL-C is prone to oxidative modification in the microenvironment of increased oxidative stress such as in autoimmune diseases. Higher levels of oxidized LDL-C (oxLDL) may lead to disruption of endothelial homeostasis via the nitric oxide (NO) pathway. After infiltrating the endothelial arterial wall, oxLDL-C induces the expression of leukocyte adhesion molecules and initiates inflammatory response in the artery wall. The CV risk is aggravated in SLE patients due to the presence of antibodies against oxLDL-C, which accelerate the uptake of LDL-C into the endothelial walls. In addition to LDL-C, the cardiolipin component is also oxidized. Antibodies against oxLDL-C cross-react with IgM and IgG anticardiolipin antibodies and oxLDL-C form complexes with b2-glycoprotein I component of cardiolipin, which in turn enhances the risk of arterial thrombosis [27] . Standard lipid profiles do not reflect oxLDL-C levels. The study by Kim et al. [28] have demonstrated that patients with RA and SLE had significantly lower serum LDL levels and higher serum ox-LDL levels than in age-matched controls. Liao et al. [29] have found lower TC and LDL-C levels in RA patients than the general population. SLE-associated accelerated atherosclerosis due to immune dysregulation plays a pivotal role in modulation of lipid metabolism [30] . Immune dysregulation and systemic inflammation serve as major CV-related risk factors in RA along with treatment regimens including corticosteroids [31] . The CV risk profile noted in the present RA subjects could be due to immune dysregulation and inflammatory load, since the patients were not managed by either DMARDs or steroids.
In contrast to previous literature findings, the current study has reported low lipoprotein(a) levels in SLE patients. Specifically, increased lipoprotein(a) levels noted in RA and SLE have been associated with higher CV risk [32, 33] . Decrease in the level of antioxidants due to alterations in serum paraoxonase and arylesterase activities and formation of autoantibodies to lipoprotein are noted in SLE, which in turn contributes to accelerated atherosclerosis [34] [35] [36] . The measurements of these enzymes and autoantibodies in the present study subjects were not available to rule out the possibility of its influence in lowering the lipoprotein(a) levels. In addition, literature studies focusing on lipoprotein(a) levels in SLE patients from Indian subcontinent are scarce. However, the RA patients had elevated levels of lipoprotein(a) in concurrence with other studies [37] .
None of the inflammatory parameters (ESR, CRP and NLR) correlated with TC, LDL-C, VLDL-C, TC/HDL-C and log (TG/HDL-C). Thus, the pattern of changes can be largely attributed to immunopathological processes rather than the inflammatory status. There are studies reporting direct relationship between CRP and changes in HDL and TC [26] . The present study does not have adequate power to contradict these observations. The changes in lipid proteins do depend on the intensity of inflammation. However, this was not seen in current study subjects and this could be due to selection of patients with uniform level of inflammation; moderate to severe disease. The inflammatory parameters were also not significantly different (Table 1) . Hence, it is prudent to presume that the factors influencing the lipid metabolism within the defined narrow spectrum of disease activity to be the immune-pathological process.
The current study has reported uric acid as one of the factors that correlated directly with VLDL-C, TC/HDL-C, and log(TG/HDL-C). The uric acid levels were significantly higher in SLE patients than RA. The higher uric acid levels indicate more skewing of lipid metabolism towards atherogenicity, which may suggest the pattern of immunoinflammation process. Literature evidence suggests that serum uric acid serve as a surrogate marker for screening pulmonary hypertension in patients with SLE, and a value C 7 mg/dl at baseline predicts future risk of developing severe disease (relative risk 8.5, 1.0009 to 72; P = 0.04) [14, 38, 39] . SLE patients with metabolic syndrome have a significantly higher levels of serum uric acid (6.88 ± 2.20 vs. 4.45 ± 1.17, P \ 0.001) and certain inflammatory biomarkers such as homocysteine are significantly associated with increased patient organ damage score (3.20 ± 1.97 vs. 1.60 ± 1.67, P = 0.008) [40] . Hyperuricemia in SLE patients is independently associated with the occurrence of stroke, peripheral neuropathy, hypertension, hyperlipidemia, and history of arterial thrombosis [41] . These study findings clearly substantiate the use of uric acid as an indicator of extensive necrotic damage and endothelial injury.
There are studies reporting that the increased serum uric acid level in patients with rheumatic disease is associated with elevated CV risk, whereas the CV risk in gout is independent of serum uric acid levels. Elevated baseline serum uric acid may serve as a strong predictor of first CV events than some traditional CV risk factors or parameters of inflammation [13] . The present study suggests that uric acid level above supraphysiological values indicate a necrotic or a severe inflammatory process reflecting more intense influence on lipid metabolism and increased CV risk.
No significant difference in homocysteine levels between the two groups was noted. Less number of patients in both the groups may reduce the power of the study and it is a major limitation of the study. The recruitment of study population was limited due to inclusion of only treatmentnaïve patients. But the subjects selected had inflammation within the narrow range of moderate to severe disease and other possible confounding variables like drugs were eliminated by including treatment-naive patients. This could reduce the limitation of small sample size. Further, the statistical testing of multiple variables could have contributed to falsely significant associations. In order to demonstrate the influence of variables on the outcome, these findings need to be evaluated by a P value corrected for multiple comparisons.
The results were not adjusted for potential confounders, especially those that could affect the lipid levels, such as age and gender [23] . The present study population had more female patients due to the increased female preponderance of SLE and RA. The peak age of onset of SLE and RA were 20-30 and 30-55 years respectively [27, 42] . The SLE patients with an average younger age showed higher AIP values (0.7 ± 0.39) than the RA disease group (0.14 ± 0.26) ( Table 1 ). Studies have shown SLE patients develop CV risk at an younger age [43] . A meta-analysis by Fransen et al. has found that the risk of CVD was relatively higher in younger RA patients (\ 50 years) and lower in elderly subjects ([ 65 years) [44] . The average age of RA patients (51 years) noted in the present study was comparable to that younger RA patients in metaanalysis study. The risk of atherosclerosis increases with advancing age. In addition to traditional CV risk factors, several disease-related risk factors have been suggested to contribute to the increased atherosclerosis risk in younger SLE and RA patients [31, 45] . These findings did not indicate the influence of advancing age on AIP values, but could be impacted by immunopathological mechanisms underlying the autoimmune disease processes. Further studies with large sample size are required to perform regression analysis to account for various factors influencing the disease process. The study did not consider control samples, as this was primarily designed to examine only the differential influence of immunological process in SLE and RA. Moreover, it was difficult to recruit treatment-naïve controls in a tertiary set-up.
In conclusion, the effect of inflammation on metabolic process depends on the type of immunological process responsible for inflammation. The overall impact on lipid metabolism like reduction in circulating TC is common for both the diseases. The increased levels of VLDL, TC/HDL-C, log (TG/HDL-C) and uric acid appear to be influenced by immune complex-mediated inflammation like SLE, which may serve as a marker of necrosis and apoptosis. The present study may offer a preliminary basis to further elucidate the differential influence of immunological process of autoimmune disease on lipid metabolism, and the use of serum uric acid as a surrogate marker of dysfunctional lipid profile in autoimmune disease. Studies are required to substantiate the use of these metabolic parameters to qualify the impact and pattern of inflammation in developing risk reduction strategies.
